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"fflGHLY STBREOBEGULAR POLYFROFYIXNE WITH IMPROVED 
PROPERTIES'* 

The present inventioa relates to crystalline prapyleoa polymeis liaving a high level of 
chain steTeoiegiilarity. in pazticular a high eontant of isotaotie pontads, having inpioved 
processabiHty in Ihe molten state and tiie process far their preparation. 

It is known that, ifaanks to high steieospecificity levels reached by the Zieglcr-Natta 
catslysts, today one can prepare hi^y crystalline propylene polymers having high 
mechanical properties and, therefore, adequate for the manu&cture of articles vwth good 
stifiawsa and mechanical resistance, even if Ihey are snudl and thin. The conunon used 
propylene polymers show high enough levels of strength, i.e. visooeUstici^ in the 
molten state. 

» is known that non-highly enomOi levels of tiie melt strength of propylene polymers 
cause an irregular deformation of the melted mass during the conversion processes with the 
subseqpaeat problems related to workaliility. 

European patent application 573 862 discloses that the melt strength can be significantly 
improved by tvidening the molecular wei^ distribution of the polymer. According to the 
patent the molecular wei^ distribution is at least 20. Consequently, the workabiUty of 
highly crystalline propylene polymers hnproves. However, the thickness profile and 
consistency of the oriented films obtained from these propylene polymers is stiU not totally 
satiafkctory. 

It has now bean found ^ by in polymerization, under suitable conditions, a 
particular combination of Ziegler-Natla solid catalyst components and highly 
stereoregulaiing election^Jonor compounds (outside donors), it is possibb to obtain 
propylene polymers stiU characterized by high sti£Biess and other mechanical properties 
typical of highly crystalline propylene polymers, but also by an improved workabHity m 
spite of a medium broad molecular weight distribution. In particular, the advantages are that 
the present prepylene polymers can be pxocessed at a broad range of temperatures and thus 
are easier proeessable. 

A fimfaer embodiment of the present hxvention, relates to WaxiaUy oriented fihns or 
sheets comprising the said propylene polymers 

The advantage of laminated attioles, in particular fihns and sheets, of the present 
invention is that they have good unifomi thickness and also higher elongation at break and 
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higher tensile strras at break 

The present laminated article^ in particular films or sheets are especially used in 
padraging of paicels, such as cigarette parcels, and in food packaging^ 

Therefbre the present invration provides propylene polymers^ preferably homopolymersp 
having the foUowbig features: 

1) a content of isotactic pentads (nunmm), measured by NMR» higiher than 97%^ 
prefexably higher than 97.5%, more prefimbly higher than 9i%; 

2) a molecular wei^t distribudon, expressed by the M^/M^ ratio, equal to or higher 
than 6, preferably from 6 to 11; and 

3) a vahxe of Ms/Mw equal to or lower than 5.5, preferably equal to or lower than 5, 
more prefmbly up to 4.8. 

Optionally the said propylene polymers can contain minor amounts of comonomers, like 
ethylene or C4-C10 o-olefins (examples of which are l-butene» 14iexCTe^ 3^nethyl-l- 
pentene). GraeraUy, when present, such comonomers do not exceed 5% by weight 
preferably 2% by weight in the case of ethylene) with respect to the total wei^t of the 
polymer. 

Other preferred features for the polymers of the presmt invention are: 
a stereoblock contrat up to 98 ''C of 10% or lower measured by the TREF method; 

- a content of fraction soluble in xylene at room tnaperature (about 23 ^C) equal to or 
lower than 2.5% by weight, more preferably equal to or Iowa than 2% by weight; 

- a PX CPolydispmity Index, measured as explained below) of 6 or less^ more preferably 
of 5.5 or less, in particular less than 5; 

- a value of the main elution peak temperature (measured with TCTiperature Raising 
Eltttion Fractionation, TREF) higher tiian 1 14 X; 

- avalue of flie fraction eluted up to 94 °C CTREF) equal to or lower tiian 5%; 

- aMFRLvaluefiomOA to 50 g/10mil^ more inrefoably from 1 to 30^10 xnin; 

Tbe preferred polymers according to the present invention have a melting point of 164 °C 
or higjher, more preferably of 165 *'C or high^> such as from 1 65 to 168 

The propylene polymers of ihe pr^ent invration can be obtained directly in 
polymerization by using a Ziegl^ -Natta catalyst comprising: 

- a solid catalyst component comprising Mg, Ti, halogen and at least two electron donor 
compounds, said catalyst componrat being characterised by the feet that at least one of 
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the electron donor compounds, which is present in an amount ttOa 15 to 50% by mol 
with respect to the total amount of donors, is selected fiom estsrs of succinic acids which 
are not extractable, under the condiUons described below, ftr more than 20% by mol 
(non-extractable succinates) and at least another edectron donor compound vAdcb. is 
extractable, under the same oonditians, ftnr more than 30% by mol (exbactable eleetam 
donor cofflpounds); 

- an organo-metal oon^und; 

- a highly Btsreoregulatiivg electron donor compfound (outside donor). 
The said catalyst component is described in WO 02/30998. 

As explahiBd above, the soUd catalyst component comprises, in addition to the above 
electron donors. Ti, Mg and halogen. In particular, the catalyst component comprises a 
titanium compound, havfaig at least a TS^gea bond and the abov« menttoned deetnm 
donor conqiounds sq^Ktited on a haBde. The magDesiom halide is ptefoably MgCfe in 
active form, which is widely known fiom the patent literature as a support for Zie^eiwNatta 
catalysts. Patents USP 4,298,718 end USP 4,495,338 were the first to describe the use of 
these con^unds in ZieglacuNatta catalysis, ft b known fiom these patents that ihc 
magnesium dlhalidcs m activ^ form used as support or co-stq^ort m components of catalysts 
for the polymerization of olefins are characterized by X-ray spectm in v^ich the most 
intense difflaction Une that appears in ihe spectrum of the non-active halide is dimhiiahed in 
intensity and is replaced by a halo whose maximum intensity is displaced towards lower 
angles relative to that of &e more intense line. 

The prefoned titanram compounds ere TiCU and TiCh: forthermore, also Ti- 
haloalcohototes of formula T1(OR)b:^ can be used, where n is the valence of titanium, y is 

a nimiber between 1 and n-1, X is hatogen and R is a hydrocarbon radical having w' 1 ^ 
10 carbon atoms. 

The preparation of the soUd catalyrt component can be carried out according to sevw 
mediods, well known and d^eribed in tiie art. 

According to a piefoited method, the soUd catalyst component can be prepared by 
raactmg a titanium compound of formula T»COR)„^y, where n is the valence of titani«n 
and y is a number between 1 and n, preferably TiCU, with a magnesium chloride deriving 
fiom an adduct of formula MgCfe^iROH. where p is a number between O.I and 6. pieferably 
fiom 2 to 3.5, and R is ahydrocarbon radical having 1-18 carbon atoms. The adduct can be 
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suitably prepared in spherical fonn by mixing alcohol and magnesium chloride in the 
presence of an inert hydrocarbon immiscible with the adduce operating under stirring 
conditions at the melting temperature of the adduct (TOD-ISO^C). Then, the emulsion is 
quickly quenched^ thereby causing the solidification of the adduct in form of spherical 
particles. 

Examples of spherical adducts prepared according to this procedure are described in USP 
4,399.054 and USP 4,469,648. The so obtained adduct can be directly reacted with Ti 
compound or it can be previously subjected to thermal controlled dealcoholation (80-1 30°C) 
so as to obtain an adduct in which the number of moles of alcohol is generally lower than 3 
pre&rably between 0.1 and The reaction with the Ti compound can be carried out by 
suspending the adduct (dealcoholated or as such) in cold TiCU (generally C^C); the mixture 
is heated up to 80-130''C and at ttis temperature for 0.5*2 hours. The treatment witii 
TiCU can be carried out one or more times. The electron donor con^younda can be added 
during the tzeaimCTt with HC^. Ihey can be added togettier in the same treatment with 
HCU or separately in two or more treatments. 

Regardless to the preparation method used^ the final amount of the two or more electron 
donor compounds is such that the molar ratio with respect to ^e MgCli is ftom 0.01 to 1, 
preferably from 0.05 to O.S. 

Among the non-«tractabIe succinates mentioned above, particularly preferred are the 
succinates of formula Q) below 

O 

hi which the radicals Ri and Rz, equal to, or different fiom, each ottier are a C1-C20 Uncar or 
branched alkyl, alkenyU cycloalkyl, aryl, arylalkyl or alkylaryl group, optionally contahung 
heteroatoms; and the rascals R3 and R4 equal to, or different firom, eadi otfier, are CrCzo 
alkyl, cycloalkjd, aryl, arylalkyl or alkylaryl group, optionally containing heteroatoms witti 
the proviso that at least one of tfam is a blanched alkyl; said compounds being, with respect 
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to the two asymmetric carbon atoms identified in the structure of fonnula (I), stereoisomefs 
of the type (S,R) or (R,S) that are present in pare foims or in mixtures. 

Ri and Ra are prefisrably d-Q alkyl, cydoalkyL aryl, aiylalkyl and alkylaryl gfoups. 

Particularly preferred are the compounds in which R, and are selacted fiom primary 
alkyb and in particular branched primary alfcyls. Examples of suitable R, and gpnxps are 
methyl, ethyl, n-prepyl, n-b«tyl, isobutyl, neopemyl, 2.efi»yJh«yl. Particularly prefened are 
ethyl, isobutyj, and neopentyl 

Particularly prefened are the compounds in which the R, aQdA>r R4 radicals are secondary 
alkyls like isopropyl, sec^butyl. Z^enlyl. S-peatyl or cydoakyls like cyclohessyi, 
cyclopentyl, cyclohexylmethyl. 

Examples of the above-mentioned compounds are the (SJl) (S Jl) fbitns pure or m 
nUxture, optionaUy in racemic form, of dieOyl 23-bis(trimeihylBilyl)8uccinate, dieOiyi 2 3. 
bis(2.elhylbutyl)succfawte. diethyl 23-dibenzylaHecinato, diethyl 23-diisoprepyisucdn^, 
diisobutyl 2,3-dnsopropylsuccinate, diethyl 2.3.bis(cyciohcxyhi«^yl)Sttccui«te, diethyl 2^- 
diisobutylsuccinace, diethyl 2,3Hiineopenlyls«cdnate, diethyl 2^.dicyclopentylsuodnate, 
diethyl 2,3-dicycJohexylsuccinate. 

Among the extractable electron donor compounds particularly prepared are the enters of 
mono or dicarboxylic organic acids such as benzoates, malonates, phthalates and sucemates. 
Among malonates particularly preferred are those of fonnula (11): 



O 



Rtv J— OR3 

X (H) 
\— OR4 



vAere R, is H or a Ci-Pio linear or famKlied alM, 

alMatyl gioup, Ra is a C,-C.o linear or fanmehed alkyl. alkenyl, eydoalfcyl, aryl, aiylalkyl or 
alkylaryl greup, Ra and R4, equal to. or diflr«cnt fiom. ea«h oth«. are C.^ linear or 
branched alkyl groups or C3-C20 oyoloalkyl gwups. 

Preferably, R3 and R4 are primary, linear or blanched C,^« alkyl greups. more 
prrferably they are primaiy bnnched Q-Co alkyl groups such as isobutyl or neopentyl 
groups. ' 
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R2 is preferably, in particular when Ri is H, a linear or branched C3-C20 alky], cycloalkyl, 
or arylalkyi group; more preferably is a C3-C20 secondary alkyl, cycloallQrl, or arylalkyl 
group- 

Pt^fbrred estei^ of aromatic carboxylic acids are selected from Ci-Czo alkyl or aryl esters 
of benzoic and phthaKc acids, possibly substituted. The alkyl esters of the said acids being 
pruned. Particularly preferred are the Ci-Cg linear or branched alkyl esters. Specific 
examples arc ethylbenzoate, n-butylbenzoate, p-methojcy cthylbenzoate, p-ethoxy 
efliylbenzoate, isobutylbenzoate, ethyl p-toluate, diethyl phthalate, di-n-propyl phthalate, di- 
n-butyl phthalatc, di-n-pentyl phthalate, di-i-pentyl phthalate, bis(2-cthylhexyl) phthalate, 
ettiyl-isobutyl phthalate, eihyl-n-butyl phthalate, di-n-hexyl phthalate, di-isobutylphthalate. 

Hie previously said organo^metal compound is prefmbly chosen among alkyl-Al 
conqpounds and in particular among fhe trialkyl aluminum compounds such as for example 
triethylalumiiium* tmsofautylaluninum^ tri-n-butylaluminum, tri^n-hexylaluminum, tri-n- 
octylaluminum. It is also possible to use alkylaluminum telides, alkylaluminum hydrides or 
alkylaluminum sesqui^orides^ such as AlE^Cl and AbEtsCIs, possibly in mixture with the 
above cited trialkylalununums. 

Suitable outside electron-donor compounds include certain sUaneSp ethers^ esters, amines, 
heterocyclic compounds and ketones. In particular, suitable highly st^ceoregolating sUanes 
are comprised in tiiie class haWng form^da RB^Rb^Si(OR^)c, where a and b are integers from 0 
to 2, c is an integer from 1 to 4 and the sum (a+b+c) is 4; R^ R^ and R^ are alkyl, alkylen, 
cycloaU^l or aryl radicals with 1 to 18 carbon atoms, optionally containing heteroatoms. 
PacticulBrly preferred are the silicon compounds in which at least one of R^ and R^ is 
selected from branched alliTl and cycloallQrl groups with 3 to 10 carbon atoms and R^ is a 
Ci-Cio alkyl group, in particular methyl. Specific examples of preferred silanes are 
diqyclopentyldimetfaoxysilane, tort-h^cyltrimethoxysilane and diiso^aopyldlmethoxyMlBne. 
Di^Iopotyldimedioxysilane is particularly preferred. 

The outride donor is used in such an amount to give a molar ratio between the 
organoalumimim compound and said outside donor of from 0.1 to 500, preferably from 1 to 
300 and more preferably from 3 to 100, 

The polymerisajdon process can be carried out according to known techniques for 
example slurry polymerisation using as diluent an inert hydrocarbon solv^it, or bulk 
polymerisation using the liquid monomer (for sample propylene) as a reaction medium. 
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Moieover, it is possible to caory out the polymerisation process in gaa-phase operating in one 
or more fluidised or mecSianically agitated bed reactors. 

The polymnisaiion is geaorally oaizied out at tenqieratute of frnn 20 to 120 "C, 
piefiaably of from 40 to 80 "C. When the polymerisation is carried out in gas-phase the 
ppeiating pressure is eaieraUy between 0.5 and 10 MPa, preferably between 1 and 6 MPa. In 
the bulk polymaisation the operating assure is gracrally betwera l and 8 MPa preferably 
twtween 1.5 and 5 MPa. 

It is particular worth notmg that the said broad rat^ge of values of molecular weight 
distribution is obtained in a single polymerisation stage, i.e. -with a substantially monomodal 
distribution viudi allows to avoid any problem das to non homogeneity of the polymer 
product. 

According to a preferred polymerifflition process the polymers of the present invention 
can be produced by a gas-phase polymerisation process carried out in at least two 
intcrcomiected polymerisation zones. The said type of process is illustrated in European 
patrait application 782 587. 

In detail, the aboveHmartioned process comprises feeding one or more monomer(s) to said 
polymOTsation zones in the presence of catalyst under reaction conditions and collecting the 
polymer product ftom the said polymeilaation zones. In the said process ttie growing 
polymer particles flow t9>wani through one (first) of the said polymeri^on zones (riser) 
under fest fluidisation conditions, leave tiie said riser and enter another (second) 
polymerisation zone (downcomer) tfarou^ which tiiey flow downward in a doudfied form 
under tiie action of gruviiy, leave the said downcomer and are reinboduced into the riser, 
tiius establishing a circulation of polymer betwe^ the risor and tiie downcomer. 

In Ifae downcomer high values of density of the solid are reached, which appioaeh tiie 
bulk doisity of the polymer. A positive gain in pressure can tine be obtamed along the 
direction of flow, so fim it become to possible to reintroduce the polyma hifo ifae riser 
witiwot the help of special mecbanical means. In tiiis w^, a loop" dronlation is set up, 
is defined by the balance of pressures between the two polymerisation aones and by 
tile head loss introduced Into the system. 

Oeneraily, the condition of fast fluidization in tiie riser is established by feeding a gas 
mixture conqjrising the relevant monomeia to the said riser. It is preferable tiiat tiw feeding 
of the gas nnxture is effected below tiie point of reintroduction of ttie polymer into tile said 
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riser by use, where appropriatep of gas distributor means. The velocity of transport gas 
into the riser is higher Oian the transport velocity under the iterating conditions, preferably 
fioin2tol5m/5. — 

Generally, the polymer and the gaseous mixture leaving the riser are conveyed to a 
solid/^ separation zone. The solid/gas separation can be effected by using conv^tional 
separation means. From the separation zone^ the polymer enters the dovnoicomer. The 
gaseous mixture leaving the separation zone is compressed, cooled and transfexred, if 
appropriate with the addition of make-up monomers and/or molecular weight regulators, to 
tiie riser. The transfer can be effected by means of a recycle line for the gaseous mixture. 

The control of the polymer dreulaling between the two polymmsation zones can be. 
effected by metering the amount of polymer leaving the downcomer using means suitable for 
controlling &e flow of solidSj such as mechanical valves. 

The operating parametm^^ such as the t^peratuie, are those tixat are usual in gas-phase 
olefin polymerisation process, for example between 50 to 1 20 °C. 

This process can be carried out under operating pressures of between 0.5 and 10 MPa, . 
pre&rably between 1 .5 to 6 MPa. 

Advantageoiisly, one or more inert gases are maintained in the polymerisation zones, in . . 
such quantities that the sum of the partial pressure of the inert gases is preferably between 5 
and 80% of the total pressure of the gases. The inert gas can be nitrogen or propane^ for 
example. 

The various catalysts are fed up to the ris^ at any point of the said riser. However, they 
can also be fed at any point of the downcomer. The catalyst can be in any piQrsieal state, 
therefore calal^ts in either solid or liquid state can be used. 

The usual additives, such as stabilizim and pigmrats, can also be added to the polymers 
and compositions of the present invention. 

As mentioned above, tiie propylene polymers according to the present invention axe 
particularly suitable to prqiare films and sheets, in particular biaxially oriented films and 
sheets. 

A further embodiment of the presmt invCTtion provides laminated articles^ in particular 
films and sheets, having improved stretchability and barrier properties, in particular moisture 
barrier properties. Hie said articles are made of polymer compositions comprising the above- 
mentioned polymers and a hard resin, such as polymers of coke oven ^» cracked naphtha. 



1. AGO. 2002 15:24 ^fclL/INTELLECTUAL PROPERTY ^ ■ NR. 9441 ■ .-P, 18 

(^6041) 



oil and teipene oil and tcipene resin. Texpene compounds are pre&nred. The hard resin is 
generally in an amount of fiom 0.5 to 20% by weight, preferably form 0.S to 15%, with 
respect to the whole composition. 

The laminated articles, i.e. films and sheets, of tibe present invention can be multilayoed 
and at least one layer comprises the above-mentioned propylene polymers or compositions. 

The laminated articles, i-e. films and sheets, of the present invention are ob^ned &om 
the above-mentioned propylene polymers and compositions by using the well-knovm 
processes for polyolefin films/sheets production. 

The following samples are given in order to^ illustrate but not to limit the preset 
invention. 

CHARACTERIZATIONS 

Test for the cxtractabilitv of the electron donor (EXn compoiinds 
A. Preparation of the solid catalyst component 

Into a 500 mL four-necked roimd flask, purged with nitrogen, 250 mL of TiCl4 
introduced at 0 While stirring, 10.0 g of microspheroidal MgCl2'2.8C2H50H (prepared 
according to the method described in example 2 of USP 4^399,054 but operating at 3,000 
rpm instead of 10,000) were introduced. 4.4 mMols of the selected electron donor compound 
were also added. 

The temperature waa raised to 100 ''C and maintained at that temperature for 120 min. 
Then, the stirring was discontinued, the solid product was allowed to settle and the 
supernatant liquid waa sq}honed ofif. 

250 mL of finesh TiCLi were added. The mixture was reacted at 120 for 60 min undw 
stirring and, tfaen^ the siqiematant liquid was siphoned otL Hie solid (A) was washed six 
times with anhydrous hexane (100 xnL each time) at 60 ^'C, dried imder vacuum and 
analyzed fbr tiie quantitative detemiination of and electron donor, wmpound. The type of 
electron donor compound and its molar ratio with respect to Mg (ratio A) are reported in 
Table 1. 

R Treatment of solid A 

In a 250 mL jacketed glass reactor with mechanical stirrer and filtration septum are 
introduced under nitrogra atmosphere 190 mL of anhydrous nf-hexane» 19 mMmoles of 
AiEt3 and 2 g of tiie catalyst conqsonent prepared as described in A. Iliemfocture isheated at 
60 ''C for 1 hour under stirring (stirring speed at 400 rpm). After that time the mixtute is 
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filtered, washed four times with n-hexane at 60 and finally dried tmder vacuum for 4 
hours at 30 ^C. The solid is then analyzed for the quantitative detemiination of Mg and 
electron donor compound The type of electron donor compound and its molar ratio with 
r^ect to Mg (ratio B) aze reported in Table 1. The extractabilify of the electron donor 
compound is calculated according to the follovdng fozmula; Vo of ED extracted » (Ratio A- 
RatioB)/RatioA 
yplvmer microstrqcture analysis 
> SO mg of each xylene insoluble fraction were dissolved in 0.5 rnL of €20^014. 

The ^^C I'lMR spectra were acquired on a Bruker DFX-400 (100.61 Mhz, 90'' pulse^ 12s 
delay between pulses). About 3000 transients were stored for each spectrum; mmmm pentad 
peak (21.8 ppm) was used as reference. 

The minostmctuie analysis was canted out as described in literature (JPcfymer, 1984, 2S, 
1640, bylnoue Y. etAL mAPofym&r, 1994, 55, 339, by Cfntfo R. etAL). 
Determination of xylene insoluble fraction (XJA 

2.S g of polymer were dissolved in 2S0 mL of o-xylene \mdsi stirring at 135 *'C for 30 
minutes, tiien the solution was cooled to 25°C and after 30 minutes the insoluble polymer 
^s filtered. Hie resulting solution was evaporated in nitrogen flow and the residue was 
dried and ivdghed to determine the percentage of soluble polymer and then» by difierence^ 
theX.L%. 
TREF method 

TREF fractionation of the polymer was carried out by dissolving 1 g of propylene 
polymer in o-xyl»e at 135°C and slowly cooling (20 h) to 25''C in a column loaded with 
glass beads. Elution with o-xylene (600 mL/h) was first carried out at 25 °C for 1 h to obtain 
a xylene-soluble firaction. The column temperature was then raised fiom 25 to 95 at a rate 
of 0.7 ^C/min without elution and tiie temperature was held at 95^C for 2 h before eluting at 
titis tenq»rature for 1 hour to yield a single fiaction. Finally, elution was continued while 
raising the temperature fiom 95 to 120 ^'C at a rate of 3 ^C/b» collecting individual fiactior^ 
at temperature intervals of 1 "C. According to the present invCTtlon the stereobloclc content 
is considered as the total weight of the iGactions, insoluble in xylene at 25 °C, that are eluted 
at a temperature lower than 100 ""C based on the total weight of the polymer. 
Melt Flow Rate L> fMFRL) 

Measured according to ISO 1133 (230'' C, 2.16 kg). 
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Molecular weight (Mn. and M J 

Measured by way of gd penncation chromatography (GPC). 
Determinatitin of polyd fapewitr index (PJLA 

This property is strictly coimected with the molecular weight distribution of the polymer 
under examination. la particular it is inversely proportional to the creep resistance of the 
polymer in the molten state. Said resistance called modulus separation at low moduhis value 
(500 Pa), was determined at a temperature of 200 ^'C by using a pfli;allel plates rheometer 
model RMS-800 marketed by RHEOMETRICS (USA), operating at an osciUation frequency 
which increases from 0-1 rad/sec to 100 rad/sec. From the modulus separation value, one can 
derive the P J. by way of the equation: 
p J « 54.6*(modulus sepaiation)'^"^^ 
in which the modulus separation is defined as: 
moduhis separation » firequfioicy at G'»500Pa / frequency at G**=500Pa 
wherein O* is storage modtdus and is the loss modulus. 
yieraral modulus 

Measured according to flie ISO 1 78 method. 
yzed impact resistance 

Measured according to the ISO 1 80/1 A method. 
Kicamples land 2 

Preparatjon of solid catalvat component 

Into a 500 mL four-necked round flask, purged with nitrogen, 250 mL of TiCU are 
introduced at 0 While stirring, 10.0 g of microspheroidal MgClz ^.SCzHsOH (prepared 
according to the method described in example 2 of USP 4399,054 but operating at 3.000 
rpm instead of lO^OOO) are introduced. As internal donors, a previously mixture of 
diisobutylphtbalate (pIBF) and e blend of both the racemic form and meso form of diethyl 
2,3-(diisopmpyl)succhiale (DIBIPS) are also added. The internal donor content in Ae solid 
catalyst oonqioneDl is shown in Table 1. 

Tlie tempmture is raised to 1 00 ''C and maintained for 1 20 minutes. Then, the stirring is 
discontinued, the solid prodact is allowed to settle and die supernatant liquid is siphoned off. 

^250 mL of ficah TiCU are added. The mixture is reacted at 120 *C for 60 minutes and, 
thrai, Ae supema^t liquid is siphoned off. The solid is washed six times with anhydrous 
heocane (100 ml each time) at 60 °C. 
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Polymerisation 

fti a 4 liter autoclave, purged with nitrogen flow at 70 ^^C for one our, 75 mL of anhydrous 
hexane containing 7 mMols of AlE^, dicyclopentyldimethoxysilane as external electron- 
donor compound (the amount is reported in the Table 1) and flie solid catalyst component ate 
introduced in propylene flow at 30 ""C. The autoclave is closed, 1 .5 NL of hyrogen are added 
and then, under stirring, 1 .2 kg of liquid propylene are fed. The temperature is risen to 70 
in five minutes and the polym«isation was carried out at this temperature for two hours. The 
unrcacted propylene was vented, the polymer was recovered and dried at 70 '^C \mder 
vacuum for three hours and, then, weighed and fractionated with o-xylene to determine the 
amount of the xylene insoluble CXJ.) fraction at 25 ''C and its microstructure. 

The polymerisation conditions are reported in Table 1. 
Examples 

Example 1 is repeated with except that in the polymerisation a mixture of 70 wt% of 
dicyclopentyldimethoxysilane and 30 wt% of cyclohexylmethyldimethoxysilane as outside 
electron-donor compound is used. 

The polymerisation conditioi^ are reported in Table 1 . 
Example 4 

Bcample 1 is repeated except tiiat adduct of MgCfe with athanol is dealcoholated as 
described in example 1 of European patent application 728 769. 

The polymerisation conditions are reported in Table 1 . 
Compartive example Ic 
Preparation of solid catalyst component. 

The solid catalyst component is prepared according to above ©sample 1, except fliat it 
contains a diether, that is 9,9-bis(methoxymethyl)fluorTOe, as inside electtun-donor 
compotmd in the place of phthalate and succinate derivatives. 

The internal donor content in the solid catalyst component is shown in Table 1. 
Polymerisation 

Hie polymerisation is carried out in continuous in a series of two reactors equipped with 
devices for tiie transfer of the product coming from tise reactor immediately precedmg to the 
one immediately following. 

In the gas phase the hydrogen and tiie monom^ are analysed in continuous and fed in 
such a manner that the desired concentration will be maintained constant 
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A mixture of triethyialumiaium activator and dicyclopeatyldimethoxyailane as outside 
electraa-donor compound is contacted with tiie solid catalyst component in a container at 40 
for 13 miDotes. 

The catalyst is dien tnusfoied to a reactor containing an excess of liquid propylene and 
pr^olymerised at 20 "C for a period ranging ftom 1 .5 to 2 minutes ca. 

Hie prepolymer is tihien transferred in another reactor where the polymerisation ocxuxs in 
gas phase to form fraction (A). 

The product of the above reactor is fed to a second reactor in gas phase to fbnn fraction 
(B). 

The polymerisation conditions are reported in Table 1. 



Table 1 



Example 




1 


2 


3, 


4 


Ic ] 


Internal 


DIBIPS content wt% 


4.54 


6.79 


6.79 


4.63 


0 


electron 


DIBF content wt% 


12.S 


11.68 


11.68 


6.63 


0 


donor 


Diether content wt96 


0 


0 


0 


0 




DIBIPS/DIBP molar ratio 


0.35 


0.63 


0.63 


0.75 


Q. 1 


Solid catalyst component fed g/h 


8.2 


7 


6.6 


6 




AlEts/solid catalyst component g/g 


10 


13 


14 


13 


6.1 1 


AlEta/outside donor weight ratio 


30 


15 


4 


8 


5.8 1 


Polymerisation temperature 


70 


70 


70 


75 


70 1 



The physical and mechanical properties of the polymers of ejcamples 1 to 4 and 
conqnrative example Ic are reported in Tahie 2. Hic mechanieal properties are measured on 
injection-moulded samples. EScamples 1-3 and comparative Ic plaques are stretched at 
tempoatures rangmg from 140 vqy to 155, in steps of S^C. 
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Table 2 



Example 


I 


2 


3 


4 


Ic 1 


inmxnin % 


>98 


98.52 


>98 


98.61 


98.43 


Mw/Mn 


9.2 


9.6 


8.7 


- 




Mz/Mw 


42 


4.1 


4.8 




- 


Main elution peak t^peratuie °C 




114 




117 


113 


Stereoblock content up to 95^C wt% 




5.2 






6.4 


Stsreoblock content up to 98 ''C wt% 




5.2 




6.2 


6,2 


Ftaotion eluted up to 94 °C % 








4.6 


4.1 


MFR g/lOmin 


3.5 


3.5 


2.6 


2.6 


3.5 


Xylrao-soluble fraction wt% 


1.7 


1.6 


1.4 


1.5 


1.3 


Polydiaparsity index 


4.8 


5 


4.9 


4.6 


5.5 


Melting tempeFatuie 


163 


163 


163 


165.7 


162 


Mechanical properties of the polymer 


Flexural Modulus MPa 


1725 


1770 


1850 


1780- 
1940 


1810- 
1885 1 


l2sod impact resistance at 23 kJ/m^ 


4.5 


4.6 


6 


5.1 


4.6 1 



Example S and comparative example 2c 

The polymer of example 4 and comparative example Ic are processed on a BOP? Stenter 
pilot line to produce a 20 p. plain biaxiaUy oriented film. Polymers were extruded through a 
flat die as a sheet that is cooled under controlled conditions on a casting unit After leaving 
the casting unit, the sheet is re-heated to an appropriate temperature and then stretched 4x 1 . 1 
in machine direction, by passing the film over a system of heated rolls running at different 
speeds. The stretching in transverse machine direction is achieved subsequoitly by a 
continuous drawing frame, which is enclosed in a hot air oven* The film is pre-heating in tills 
oven (r pre-heating temperatures - as indicated in table) and then stretched 8 tim^ in 
transverse machine direction by a system of chain-mounted clips moving on a diverging rail 
^stem. After the stretdm^ film is annealed and corona treated. Side edges are removed and 
finally the fifan is winded on a roll. Speed of the line is 70 m/min. 
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Table 3 



&cample 


5 


2c 


Mmimtun oven pre-heatlng temperature "C 


162 


164 


Optimum oven pre-heatingtempnstare 


174 


174 


Deviati(ni(Hia20p^tbickfUm fi 


1-2 


0.5-3 



Hie example 5 shows diat, based on the deviation value, the Sha acoonGng to tibie present 
invention has a more unifonn tihickneas than fhe film of the comparative example. It is also 
shown that the polymer can be stretched at a lower oven pie-heating temperature still 
obtaining an aecqitable film, compared to polymer of the comparative example 2o, meaning 
polymer according to the present invention is easin: piocessable coir^iaied to the 
comparative polymer* 

Exammes 6-8 and Mmiiarative example 3c 

The compositions of examples 1-3 and comparalive example Ic are compression moulded 
into a 1.0 mm plaques and subsequently biaxially oriented on a IM C^enter Frame) long 
stietching fiame. The str^ching occurs simultaneously at a fixed stretch ratio of 7 times in 
machine direction and 7 times in transverse machine direction. 
Final film tiiickness of the biaxiaUy oriented fihn is 20 |a. 

Film properties are measured on tibe oriented film samples stretched at tiie optimum 
stretching temperature, which coxxesponds to 0% failure testing 5 plaques at each 
temperature. 

The properties of the films are shown in Table 4. 

Table 4 CBi-<>riented films from stretching frame) 



Exaatplo 


6(2-1459) 


7(2-1460) 


8(2-1461) 


3c(HA722J) 


Elongation at break % 


26 


28 


28 


21 


Tensile stress at break MPa 


140 


145 


146 


135 


Toisile Modulus MPa 


2970 


2730 


2955 


3180 



Films according to the present invration show a higher elon^tion at break and hij^er 
tensile stress at break versus comparative sample. 
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Claims 



1 . Propylene polymers having the following features: 

1) a content of isotactic pentads (numnra), measured by NMR, higher than 97%, 

2) a molecular weight distribution, escpressed by the Mv/Mn ratio» equal to or high^ 



3) a value of M^Mw ratio equal to or lov/er than 5.5/ 

2. The polymers of claim 1 being propylene homopolymers. 

3. The polymers of claim 1 having a stereoblock content up to 98"^ C of 10% or lower 
measured by the TBEF method. ^ 

. 4. The polymers of claims 1 and 2 having a content of isotactic pentads higher than 97.5%. 

5. The polymers of claims 1 to 3 having a molecidar weight distribution from 6 to 11 . 

6. The polymers of claims 1 to 4 haviiig a value of M,/Mw equal to or lower than 5. 

7. The polymers of claims 1 to 5 having a meltii^ tempmture of 1 64 X or higha. 

8. The polymers of claims 1 to 6 obtainable by a process carried out in only one 
polymerisation stage and in fhe presence of a Ziegler -Natta catalyst comprising: 

a solid catalyst component comprising Mg, Ti, halogen and at least two electron donor 
compounds, said catalyst component being characterised by the :&ct that at least one of 
the electron donor compoimds, which is present in an amount from 15 to 50% by mol 
with respect to the total amount of donors, is selected from esters of succinic acids 
which arc not extractable, under the conditions described below, for more than 20% by 
mol (non-extractable succinates) and at least another electron donor compound vi^ch 
is extractable, imder the same conditions, for more tiian 30% by mol (exirectable 
elecoron donor coxnpounds); 

- an organo-metal compound; 

- a highly stereoregulating electron donor compound (outside donor). 

9. The polymers of claim 7 wherein the estm of succinic adds are selected from Ifae 
succinattes of formula (I) bdow 



than 6; 



C>m^X -.^ 2 J. am /on ynnrko ir«ni 



1. AGO. 2002 15:26 ^ELL/INTELLECTUAL PROPERTY ^ , NR. 9441 p 26 

(MI6Q4I) 



in which the radicals Rj and R3, equal to, or difEbrent from, each other are a Ci-Cgp linear 
or branched alkyl, alkenyl, cycloalkyl, aryl, arylalkyl or alkylaryl group, optionally 
containing heteroatoms; and the radicals R3 and R4 equal to, or different fiom, each 
other, are C1-C20 alkyl. cycloalkyl, aiyl, arylalkyl or alkylaryl group, optionally 
containing heteroatoms with the proviso that at least one of them is a branched alkyl; 
said compounds being, with respect to the two asymmetric carbon atoms identified in the 
structure of fomiula CD. stereoisomers of the type (SJl) or (!<.S) that are pieseat in pure 
foms or in mixtures. 

10. The polymera of claims 7 and 8 wherein the other electrooMlonQr coinpound in the solid 
catalyst component is selected fiom... 

11. The polymeis of claims 7 to 9 wherein the outside electron-donor compound is selected 
from of silanea of fbraiula Ra^'^SiCOR^Jc where a and b are integer from 0 to 2. c is an 
mteger from 1 to 4 and the sum (a+b+c) is 4; R^ R« and R' are alkyl, alkylen, cycloalkyl 
or aryl radicals with 1 to 1 8 carbon atoms, optionally containing heteroatoms. 

12. A process for preparmg the polymera of claim 1 comprising only one polymerisation 
stage conducted in the presence of a Ziegler -Natta catalyst comprising: 

- a solid catalyst component comprising Mg. Ti, halogen and at least two election donor 
compounds, said catalyst component being c^acterised by the fact that at least one of 
the electron donor compounds, t^Aich is present in an amount from 15 to 50% by mol 
with respect to the total amount of donors, is selected from esteis of succinic acids 
which are not extractable, under the conditions described below, for more than 20% by 
mol (non-exiiactable succinates) and at least another election donor compound Diiuch 
is exttactable, under the sune conditions, for mote than 30% by mol (extractable 
election donor compotmds); 

> an organo-metal compound; 

- a highly stereoregulating election donor compound (outside donor). 

17' i 
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13. The process of claim 11 Avherein the esters of succinic acids are selected from the 
succinates of fonnula (I) below 

o 



in which the radicals Ri and Rz, equal to, or different from, each other are a CrQo 
linear or branched alkyl, alkenyU cycloallsyl, aryl, aryialfcyl or alfcylaryl group, 
optionally containing heteroatoms; and the radicals R3 and R4 equal to, or different 
from, each otherj, are C1-C20 aUsyl^ cydoalkyl, aryl, arylalkyl or alkylaryl group, 
optionally containing h0leioatoms with lhe proviso that at least one of them is a 
branched alkyl; said compounds being, with respect to the two asymmetric carbon 
atoms identified in the structure of formula (1), stmoisomras of die type (SJR) or OEl^) 
that are present in pure forms or in mixtures. 

14. The process of claims 1 1 and 12 the other electron-donor compound in the solid catalyst 
component is selected from ... 

15. The process of claims 11 to 13 wherein the outside electron-donor compound is selected 
from of silanes of fomiula Ra^^SiCOR^)^ 'wb&re a and b are integers from 0 to 2, c is an 
integer from 1 to 4 and the sum (a+b+c) is 4; R^, R^ and R^ are alkyl, alkylen^ cycloalkyl 
or aryl radicals with 1 to IS carbon atoms, optionally containing heteroatoms. 

16. Films or sheets comprising the polymer of claims 1 to 7. 

17. Films or sheets comprising a ccnnposition comprising the polymer of claims 1 to 7 and a 
haxdresin. 

18. Multilayer laminated artides comprising the film or sheet of claims 16 or 17. 
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Abstract 

Propylene polymeis having a content pf isotactic pentads (mmmm), measured by NMR, 
lugher than 97%, a molecular weight distribution, eocpressed by the ratio, equal to or 

higfaerlfaan 6 and a vahie of MzMwiatio equal to or lower than 5.5. 

The said polymers are prepared In the presence of a particular combination of Ziegler- 
Natta soUd catalyst components and highly stereoregulating electron-donor compounds. 

Laminated articles, in particular bi-axially oriented fiama and sheets can be prepared with 
the said polymers. 
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